Abstract
Introduction
Platelets play an important role in the onset of cardiovascular disease [1] . Platelet activation is associated with death, myocardial infarction (MI), and other cardiovascular events [2, 3] . Monitoring the function of platelets may help evaluate the severity of coronary artery disease (CAD) and prognosis.
However, because testing platelet function is a time-consuming, costly, and technically challenging process, it is not widely used. Larger platelets contain more dense granules, express more adhesion receptors, and have higher thrombotic activity, which can reflect the degree of platelet activation [4, 5] . Therefore, platelet volume has been proposed as an indicator of platelet reactivity. Mean platelet volume (MPV) is a precise measure of platelet size, and is reported during a complete blood count analysis. This index is cost-effective and accessible.
Previous studies have reported a relationship between MPV and diabetes mellitus (DM). Platelets of patients with DM are characterized by dysregulation of several signaling pathways, resulting in increased platelet reactivity [6] . Increased platelet size and activity may play a role in the observed higher risk for developing ST-segment elevation myocardial infarction (STEMI) and worse outcomes in patients with DM [7] .
Previous studies have examined MPV in the development of CAD [3, [8] [9] [10] . MPV is an important factor for helping predict the prognosis of patients with CAD [6, [11] [12] [13] . Few studies have examined MPV in patients with stable CAD (SCAD) and DM. Additionally, the prognostic relevance of DM on clinical outcome is less apparent in Asian populations compared with Western populations [14, 15] .
The current study aimed to examine the relationship between MPV at admission and clinical outcomes in patients with DM and SCAD undergoing elective percutaneous coronary intervention (PCI). This study also aimed to evaluate whether this index can be used as a marker of long-term prognosis.
Methods

Study population
Patients enrolled were admitted to Fuwai Hospital were diagnosed with SCAD, and underwent elective PCI between January 2013 and December 2013. The study was conducted in accordance with the principles contained within the Declaration of Helsinki, and the Institutional Review Board of Fuwai Hospital approved the study protocol. All participants provided written informed consent before the intervention.
Laboratory examination and procedural details
Venous blood samples were collected at admission in standardized dipotassium EDTA tubes. Samples were tested within 2 h of collection to minimize variations due to sample aging. MPV and platelets were measured using an automated blood counter (Sysmex XN-2000 Hematology System; Sysmex Corp., Kobe, Japan). Before the procedure, if patients with elective PCI were not taking long-term acetylsalicylic acid and clopidogrel, they received a loading dose of clopidogrel (300 mg). Coronary angiography and PCI were performed using standard protocols and guidelines.
Definitions and endpoints
Patients were divided into three groups according to the MPV value (≤ 10.1 fL, group 1; 10.1-10.9 fL, group 2; > 10.9 fL, group 3). Groups 1 and 2 were combined and defined as the lower MPV group (≤ 10.9 fL) and group 3 was defined as the higher MPV group (> 10.9 fL). DM was defined as follows: (a) Pre-existing condition diagnosed before admission (patients on insulin, oral glucose-lowering drugs, or therapeutic diet); and (b) Newly diagnosed DM based on fasting plasma glucose (FPG) levels ≥ 7.0 mmol/L or 2-h plasma glucose levels ≥ 11.1 mmol/L during an oral glucose tolerance test [16] . SCAD was generally characterized by episodes of reversible myocardial demand/supply mismatch related to ischemia or hypoxia usually induced by exercise, emotion, or other stresses, but it may have also spontaneously occurred. Such episodes of ischemia/hypoxia were commonly associated with transient chest discomfort (angina pectoris). SCAD also included stabilized, often asymptomatic, phases that follow acute coronary syndrome (ACS) [17] . Death that could not be attributed to a noncardiac etiology was considered as cardiac mortality, such as intra-stent thrombosis, MI, and sudden death in this cohort.
Follow-up of patients
All patients were scheduled for a 2-year clinical follow-up. Patients were clinically monitored for major cardiovascular events. The primary endpoint was cardiac mortality. Follow-up data were obtained at 30 days, 6 months, 1 year, and 2 years by telephone calls, out-patient follow-ups, or letters. Patients were advised to return for coronary angiography if clinically indicated by symptoms or documentation of myocardial ischemia.
Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range) and were compared using the Student t-test or Mann-Whitney U test, as appropriate. The Shapiro-Wilk test was used to determine whether ranwww.cardiologyjournal.org dom samples had a normal distribution. Categorical variables are presented as numbers and percentages, and were compared using the c 2 test or the Fisher exact test. In-hospital and 2-year survival was evaluated using the Kaplan-Meier method and compared using the log-rank test. Relationships between MPV and variables were estimated using the Spearman rank correlation coefficient. Receiver operating characteristic (ROC) curves were estimated for MPV. ROC analysis was used to identify possible cut-offs for predicting 2-year cardiac mortality. Clinically important variables (age, sex, body mass index, hypertension, hyperlipidemia, ejection fraction, estimated glomerular filtration rate, high-sensitivity C-reactive protein) were entered into multivariate Cox analysis. Multivariate analysis was performed to estimate hazard ratios (HRs) and 95% confidence intervals (95% CIs) for identifying independent predictors of 2-year cardiac mortality, while adjusting for potential confounders. A two-tailed p value < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS 23.0 (SPSS Inc., College Station, TX).
Results
A total of 1389 consecutive patients were enrolled. Follow-up at 2 years was completed for 1380 (99.4%) patients.
Patient characteristics and outcomes according to MPV level and DM
Baseline characteristics according to MPV and DM are shown in Table 1 . The higher MPV group had a higher body mass index (p = 0.003), platelet distribution width (p < 0.001), MPV/PLT (p < 0.001), and glycated hemoglobin (HbA1c) levels (p = 0.023), but a lower platelet count (p < 0.001), compared with the lower MPV group. Angiographic characteristics according to MPV are shown in Table 2 . The higher MPV group had a higher SYNTAX score and more often had severe CAD (left main stenosis and/or 3-vessel disease) compared with the lower MPV group, but these differences were not significant. There were no significant differences in lesions of the left anterior descending, left circumflex coronary, and right coronary arteries between the groups.
Effect of high MPV on cardiac mortality of patients with DM
Over the 2-year follow-up, 3 of 908 patients died in the lower MPV group and 7 of 481 patients died in the higher MPV group for cardiac reasons (p = 0.038) ( Table 3) . Among all patients, 7 died of stent thrombosis, 1 died of MI, and 2 died of sudden cardiac death. The cardiac mortality rate was 0.7%. Kaplan-Meier survival analysis showed a higher 2-year cardiac mortality rate in the higher MPV group than in the lower MPV group (p = 0.019) (Fig. 1) . Cox regression showed that MPV was significantly associated with 2-year cardiac mortality when analyzed as a continuous variable in the univariate model (HR = 2.090, 95% CI: 1.217-3.589, p = 0.008) and multivariate models. Similar findings were observed when MPV was analyzed as a binary variable (Table 4) .
Patients with DM with or without requirement for insulin
Mean platelet volume was similar in patients with DM who required insulin and those who did not require insulin (p = 0.853). No significant difference in cardiac mortality was observed between patients with or without insulin (p = 0.986). Cox regression analysis showed no significant difference between patients with or without insulin (HR = 0.892, 95% CI: 0.230-3.463, p = 0.869).
ROC analysis
In patients with DM, ROC analysis showed good diagnostic value for MPV at predicting 2-year cardiac mortality (area under the curve = 0.735, 95% CI: 0.590-0.880, p = 0.01) (Fig. 2) . The cut-off value was 10.65 fL.
Bivariate analysis of MPV, HbA1c, and FPG
Mean platelet volume was significantly positively correlated with HbA1c (r = 0.073, p = 0.007) and FPG levels (r = 0.061, p = 0.023) in bivariate analysis (Fig. 3) .
Discussion
In this study, the relationship between MPV at admission and 2-year cardiac mortality in patients with DM and SCAD who underwent elective PCI was examined. The present study found that: 1) The cardiac mortality rate was significantly higher in the higher MPV group compared with the lower MPV group, 2) MPV was positively correlated with HbA1c and FPG levels, although the association was weak, and 3) MPV was not associated with the extent of CAD.
Mean platelet volume is influenced by multiple risk factors for CAD, including DM, impaired fasting glucose, hyperlipidemia, and metabolic Data are presented as number (percentage). MACE -major adverse cardiovascular events; MPV -mean platelet volume; TLR -target lesion revascularization; TVR -target vessel revascularization syndrome [18] [19] [20] . In a study of 1411 patients [10] , MPV was found to correlate with the frequency of DM and baseline glycemia. Shimodaira et al. [21] found that in prediabetic and normoglycemic patients, MPV was positively correlated with FPG levels. Verdoia et al. [22] also observed a similar phenomenon in their study of 3414 patients who underwent coronary angiography. In this study, it was found that MPV was positively correlated with HbA1c and FPG levels, but this association was weak. A possible reason for this finding may be that some other features, such as hypertension and other metabolic disorders, in addition to diabetes, affected platelet size.
Previous studies on the relationship between MPV and the severity of CAD in patients with DM are inconsistent. Sahin et al. [23] found that increased MPV was positively associated with the severity of CAD in patients with STEMI and DM. Abali et al. [24] reported that a high MPV may be an effective marker in determining the severity of CAD in patients with DM, and that a high MPV level may be associated with CAD pathophysiology in patients with DM. However, Lekston et al. [6] did not find a relationship between MPV and the number of diseased coronary arteries in patients with STEMI and DM who received primary PCI. In the current study, MPV in patients with DM who received elective PCI was examined. It was found that the incidence rate of left main and/or 3-vessel disease and SYNTAX score appeared to be higher in the www.cardiologyjournal.org higher MPV group, but this was not significant. Further studies are required to determine the relationship between MPV and the severity of CAD in patients with DM. Previous studies have reported that preprocedural elevated MPV is associated with the incidence of major adverse cardiac events following PCI [25] . Most of these studies were conducted in patients with ACS. A meta-analysis [26] reported that MPV was higher in patients who developed cardiovascular events than in non-cardiovascular event patients, particularly those with MI and death. MPV may be a predictive factor of future MI or death in patients with ACS. Lekston et al. [6] studied the association between MPV at admission and clinical outcomes in patients with DM and STEMI. They found that MPV had good prognostic value for in-hospital and late mortality. In the current study, it was found that MPV had good prognostic value for 2-year cardiac mortality in patients with DM and SCAD, which is consistent with previous studies. However, Shah et al. [27] analyzed MPV in 1512 patients who received PCI and did not find any correlation between MPV and long-term mortality. A possible reason for this lack of findings is that they enrolled diabetic and non-diabetic patients.
The possible mechanisms behind increased major cardiovascular events in patients with high MPV may be an increase in platelet activity and aggregation. Platelet turnover also increases in these patients. There is an increased release of young, large, and reactive platelets from megakaryocytes in bone marrow, which results in an increased measurement of MPV. High platelet turnover has been reported to be associated with soluble P-selectin (a platelet activation marker), platelet aggregation [28] , and inadequate responses to antiplatelet drugs [29, 30] . Platelets in people with type 2 DM adhere to the vascular endothelium and aggregate more readily than those in healthy people. Loss of sensitivity to the normal restraints exercised by prostacyclin and nitric oxide generated by the vascular endothelium is a major defect in platelet function. Insulin is a natural antagonist of platelet hyperactivity. Insulin sensitizes platelets to PGI2 and enhances endothelial generation of PGI2 and nitric oxide. Defects in the action of insulin in DM create a condition of disordered platelet activity, which is conducive to macrovascular and microvascular events [31] .
Limitations of the study
This study has some limitations. First, this was an observational, single-center study and was thus prone to bias and unintentional confounding. Second, we did not assess platelet function at the same time. Finally, the cohort only included those who underwent elective PCI rather than PCI following ACS. Therefore, the rate of major cardiovascular events was lower compared with similar previous studies.
Conclusions
Mean platelet volume is a strong, independent prognostic factor in PCI-treated patients with DM and SCAD. 
